Abstract: Taxonomy plays a central role in conservation programs of threatened New Zealand taxa. The role of taxonomy is especially relevant for highly vulnerable taxa, where the identification of distinct lineages is essential to define units of conservation and to appropriately allocate conservation resources. Taxonomy traditionally relied on phenotype, but in the past 30 years, the use of genetic data has become prominent in the field. While both phenotypic and genetic approaches to taxonomy have their own merit, they do not always agree. In such cases, favouring one type of data over the other when they are in conflict can have important implications for conservation management. We highlight this issue using several examples from the taxonomy of threatened New Zealand birds. We caution against biases in interpretation of each data type and advocate for a more integrative approach to taxonomy where the limitations of all approaches are carefully considered.
Introduction
New Zealand's biota is characterised by a high number of endemic taxa, many of which are currently classified as threatened (Duncan & Blackburn 2004; Robertson et al. 2017) . Therefore, it is not surprising that taxonomy plays a major role in the country's conservation programs, in an effort to preserve as many biological entities as possible. Due to its taxonomic uniqueness, documented high extinction rates and vulnerability to introduced predators (Duncan & Blackburn 2004; Robertson et al. 2017) , New Zealand's unique avifauna has been the focus of numerous taxonomic studies. The results of these studies have, in turn, routinely been used to inform conservation programs (e.g. brown kiwi; Baker et al. 1995; Burbidge et al. 2003) . Birds' pronounced phenotypic features, including morphology, plumage, behaviour and call variation, have often been used to infer reproductive isolation, making avian taxa a popular focus of speciation and taxonomic studies (e.g. Cracraft 1983 ). However, the development of phylogenetic approaches to taxonomy has also been an important driver of the delimitation of avian taxa (Cracraft 1983 (Cracraft , 1992 .
As different types of taxonomic evidence are not always consistent, bird-based studies also provide examples of an overreliance on one particular kind of data (be it morphological, behavioural, or genetic) in taxonomic recommendations. Here, we outline the conservation implications of such taxonomic decisions by discussing several recent avian studies from New Zealand that illustrate this issue. We also reiterate the oft-stated need for an integrative approach, in which multiple lines of evidence are given equal weight (Mayr 1940) . Such an 'integrative taxonomy' (Dayrat 2005) is not a new concept, but is particularly important for conservation when phenotypic and genetic data do not coincide geographically. We do not seek to continue the ongoing and complex debate regarding what constitutes a species (Sloan 2013) , nor to propose which species concept conservation agencies such as the New Zealand Department of Conservation should use. Rather, we aim to highlight the dangers of relying solely on phenotypic or genetic data to delimit units for conservation. Because the field of taxonomy is complex and in constant evolution, it is crucial that taxonomists and geneticists communicate their recommendations clearly and effectively to non-taxonomists and non-geneticists, and openly acknowledge the limitations of these recommendations.
The importance of taxonomy in conservation
Recognising units of biodiversity is essential to conserving threatened taxa; naming the taxa that require protection is often the starting point of conservation programs (Mace 2004; Zink 2004) . This requirement explains why taxonomy has played a fundamental role in conservation biology in the past few decades (Mace 2004; Bickford et al. 2007 ).
There are currently around 30 species concepts and definitions (Wheeler & Meier 2000; Zachos 2016 ). However, taxonomy has traditionally relied on the biological or morphological species concept, where phenotypic similarities and the ability to interbreed are used to delineate taxonomic units (Cracraft 1983) . Over the past 30 years, the development of the phylogenetic species concept, which considers any population that is monophyletic (i.e. that can be traced to a single recent common ancestor) as a species (Cracraft 1983 (Cracraft , 1992 , has become more prominent as a result of developments in genetic technologies. For instance, the use of genetics for delimitation of taxa has proven extremely valuable for the discovery of cryptic species and lineages (e.g. streak-eared bulbul, Garg et al. 2016 ) and revising morphology-based taxonomy (e.g. modern birds, Jarvis et al. 2014; palaeognaths, Mitchell et al. 2014 ).
Despite these important contributions, the use of molecular approaches, in particular DNA barcoding, for species identification initially received resistance from the taxonomic community (DeSalle et al. 2005) . DNA barcoding was understandably criticised when proposed as a way to replace morphology for classification of taxa (Will & Rubinoff 2004) , in part due to the somewhat forceful, anti-taxonomist stance taken by the original proponents of this approach (Hebert et al. 2003; Hebert & Barrett 2005) . In fact, traditional taxonomic cues are integral to verifying the potential species discovered via DNA barcoding, rendering collaboration between disciplines even more crucial (Taylor & Harris 2012) . Avian taxonomists have increasingly considered various criteria and species concepts when delineating species (Sangster 2014) , and we contend that both phenotypic and genetic data are important for taxonomy and should be used together when possible. Combining phenotypic and genetic data is crucial when the principle of reproductive isolation cannot be tested for use in species delineation (which is often the case in endangered and fragmented species). An increasing number of recorded instances of closely related species hybridising and producing fertile (if sometimes less fit) offspring (e.g. black stilt/kāki, Steeves et al. 2010 ) also implies that decisions based strictly on the biological species concept could result in phenotypically and genetically distinct taxa not being recognized as full species, and potentially suffering a decreased conservation effort as a result. However, it is possible for phenotype and genetics to tell two different stories regarding species status (Fig. 1) . When this happens, it can be challenging for managers to establish the best course of conservation action for the biodiversity in their care.
Making distinctions between various lines of evidence to determine the taxonomic and conservation status of populations is crucial to their effective conservation. For instance, isolated populations of the same species are at risk of inbreeding (Frankham 2005) , and mixing them could alleviate these risks (e.g. via genetic rescue; Frankham 2015; Whiteley et al. 2015) . Conversely, mixing populations that are actually two genetically distinct species or subspecies may increase the risk of outbreeding depression, breaking up important, locally adapted gene complexes and producing less fit individuals (Edmands 2007; Frankham et al. 2011 ). While we do not advocate for genetic rescue as a panacea for all conservation programs, we believe that it is crucial to have an informed discussion on the risks and benefits of this approach and on how taxa and units of conservations are delimited. An informed decision is only possible when multiple lines of evidence, including both genetics and phenotype, are carefully considered.
As delineating taxa can be complex, Moritz (1999) proposed focusing on maintaining and restoring evolutionary processes (e.g. adaptation to changing selective pressures) using molecular tools rather than phenotypes, an approach that does not require changes in taxonomy (Moritz 1994a, b) . He defined evolutionarily significant units (ESUs) representing historically isolated and independently evolving sets of populations, and management units (MUs) representing demographically independent populations. However, most conservation management plans still rely on formal species and sub-species designations, and defining units for conservation remains problematic when geographical variation in phenotype and molecular data do not coincide (Avise & Ball 1990; O'Brien & Mayr 1991; Moritz 1999) .
Causes of conflict between molecular and phenotypic data Molecular and phenotypic data may not fully coincide for a number of reasons. For example, phenotypic variation along a geographical cline may be used to support the division of a species into several subspecies. However, if genetic data suggest extensive gene flow along the cline, then the phenotypic variation could be an example of Bergmann's rule. In such cases, individuals within a species vary phenotypically along a geographical cline due to gradual changes in the environment along that cline. The phenotypic variation is maintained by either evolutionary adaptation or phenotypic plasticity (Bergmann 1847; Salewski & Watt 2016) . When Bergmann's rule is in effect, it is dubious to designate populations of a species in different locations along the cline as distinct subspecies (e.g. barn owl, Antoniazza et al. 2010; house sparrow, Brommer et al. 2014; kaka, Dussex et al. 2015) .
Other examples of phenotypic plasticity such as epigenetic effects (changes in expression of DNA but not in the actual DNA sequence) can also explain phenotypic variation in the absence of genetic differentiation, such as that associated with growth and development (Sanchez & (Yi et al. 2010 ) or skin pigmentation (Wilde et al. 2014) in humans is underpinned by just a few genomic regions. One of the most compelling examples of small genomic differences underpinning large phenotypic polymorphism within a species is that seen in dogs (Canis lupus familiaris), with a maximum of three loci explaining the majority of phenotypic variation among 80 dog breeds, all of which look very different morphologically, but none of which are reproductively isolated from one another (Boyko et al. 2010) . These examples suggest that phenotype alone is not always sufficient or appropriate for delineating taxa, and can often be misleading. The limitation of relying solely on phenotype does not mean that phenotypically-distinct units do not deserve particular attention and sometimes afforded conservation status (e.g. kaka, Dussex et al. 2015) , but that considering all the evidence (both phenotypic and genetic) where possible, is key to effective species management.
Examples of conflict between molecular and phenotypic data in New Zealand birds Despite various efforts to develop an 'integrative taxonomy' and successful examples of this approach (e.g. Baker et al. 2003) , molecular or phenotypic data are often still favoured over each other. Some recent studies relevant to the conservation of New Zealand avian species provide excellent examples of this point. For instance, the New Zealand falcon/kārearea (Falco novaeseelandiae) has previously been described as comprising three morphologically and ecologically distinct races or forms: the bush falcon, found in the North Island and in the northwest of the South Island; the southern falcon, found in coastal Fiordland; and the eastern falcon from most of the rest of the South Island (Fox 1977 (Fox , 1988 . Fox (1977) initially proposed to erect these three forms to sub-species. In contrast, a recent study argues for the recognition of two subspecies (Trewick & Olley 2016) based almost entirely on distinct wing size clusters observed between New Zealand falcon in the North and South Islands, suggesting that Cook Strait is a dispersal barrier between the two groups. However, the range-wide genetic panmixia (i.e. unhindered gene flow and random mating) reported in the same study supports a complete absence of population substructure. Ignoring this finding, the authors invoke adaptive change along a 'stepped environmental cline' to support the designation of a North Island (F. n. ferox) and a South Island (F. n. novaeseelandiae) subspecies (Trewick & Olley 2016) . This preference for a phenotype-based taxonomy is at odds with other avian studies based on variable phenotype and/or genetic data in New Zealand (e.g. Dussex et al. 2015) and elsewhere (Antoniazza et al. 2010 ) that do not suggest official designation of subspecies. Unfortunately, the sampling regime employed in this new study makes it impossible for the authors to test Fox's (1977) original hypothesis of three morphologies. Surprisingly, Trewick and Olley (2016) do mention a study on guppies supporting the maintenance of divergent phenotypes via local adaptation despite gene flow, further supporting our argument that phenotypic differentiation can happen without leading to incipient speciation.
Genetic data are not immune to being over-interpreted for taxonomy and even studies that are heavily caveated by their authors can be misused for conservation. For example, kiwi (Apteryx spp.) are a compelling example of the implications of discovering several distinct genetic lineages among morphologically cryptic forms (Baker et al. 1995; Burbidge et al. 2003; Shepherd & Lambert 2008; Weir et al. 2016) . A recent study using a large number (6332) of single nucleotide polymorphism (SNP) markers identified 11 extant genetic lineages, which the authors suggest were created by natural (i.e. non-human-driven) processes (Weir et al. 2016 ). This conclusion is based on three sound lines of evidence: (i) the timing of lineage diversification coinciding with glaciations of the Plesitocene; (ii) the range and location of Holocene fossils demonstrating allopatry after glaciations; and (iii) signatures of population declines resulting from isolation in refugia during the last glacial cycle. Despite the robustness of these results and because of the recent divergence of these lineages, the authors are cautious not to position these lineages as separate species or subspecies and even raise the possibility of hybridisation among lineages within the same species. In fact, hybridisation has recently been demonstrated between little spotted kiwi and rowi (K. Ramstad, unpubl. data), which are separated by at least 3.85 my of evolution (Weir et al. 2016) . Importantly, the authors heavily caveat their findings with a need to investigate phenotypic differences (i.e. vocalisation and olfaction) associated with territoriality and mate recognition that may lead to reproductive isolation (in which case the delineation of subspecies might be warranted). We agree with these considerations and further argue that estimating the proportion of this differentiation accounted for by neutral and selectively adaptive (e.g. locally adapted) genomic regions is crucial in order to assess the need to manage these lineages independently.
In spite of Weir et al.'s (2016) responsible and conservative approach, this paper's findings are already being misinterpreted by conservation managers. We have heard three different practitioners from the New Zealand Department of Conservation describe the three identified lineages within the recognised tokoeka kiwi species as separate species and subspecies based on Weir et al.'s (2016) paper (H. Taylor pers. obs.). This could be a result of some of the language used by Weir et al. (2016) . For instance, the authors consider the possibility that these 11 taxa represent a case of 'incipient speciation (i.e. subspecies) that, if given enough time, may evolve into full species' (Weir et al. 2016) . While this statement is plausible in terms of evolutionary theory (i.e. allopatric speciation), it seems to have left the door open for misinterpratetion, especially where there is a lack of awareness of the nature (i.e. selectively neutral or adaptive) of this pattern. While the distinction between incipient and full species may be considered by geneticists as a mere semantic issue, we fear that this wording may reinforce the concept of species as fixed entities in spite of the growing evidence for species hybridisation being a common phenomemon (Arnold 2015; Ottenburghs et al. 2015; vonHoldt et al. 2017) , including in kiwi (K. Ramstad, unpubl. data). One important consequence of this misunderstanding may be a diversion of limited conservation resources from other endangered species to such presumed 'distinct lineages'. This diversion is worrying for conservation of New Zealand taxa as a whole and illustrates how careful researchers working on taxonomic delineation need to be when communicating their findings to practitioners.
Even extinct taxa are not immune from conflicts between phenotypic and genetic taxonomic evidence. Recently, it was suggested that New Zealand once had its own giant swan, Cygnus sumnerensis, a distinct species from the Australasian black swan seen in New Zealand today (C. atratus) (Rawlence et al. 2017) . The same study also argues that the giant swan found in New Zealand was a distinct sub-species from that found on the Chatham Islands (C. s. chathamicus). While this study clearly adopts an integrative approach to taxonomy by using both morphological and genetic evidence, the conclusion to delineate species mainly hinges on morphological data. Although the authors admit in their supplementary information that 'species delimitation based on single-marker gene trees should be treated with caution', they proceed to declare a new species of swan based on 1.4% divergence (i.e. five step-wise differences) between mitochondrial haplotypes, and a New Zealand and Chatham Island sub-species division on 0.3% divergence (i.e. a single step-wise difference). This information is presented in tandem with more convincing morphological data, suggesting that the New Zealand form of the swan was typical of island avifauna (Grant 1965 ) with larger body size, elongated limbs, and shortened wings. This example not only demonstrates a preference for one type of data when it tells a more exciting story, but also supports the need to assess both neutral and selective genetic diversity when delineating taxa.
In contrast, studies of New Zealand's blue duck/whio (Hymenolaimus malacorhynchos) are much more cautious when interpreting genetic data. There is 1.9% divergence (i.e. 17 step-wise differences) between mitochondrial DNA haplotypes in North Island and South Island populations of this species (Grosser et al. 2017) . Also, nuclear data for blue duck/ whio suggest a distinct North Island and South Island genetic cluster. In spite of these genetic differences and in the face of limited morphological data (Robertson et al. 2007) , researchers have taken a conservative approach, pointing out that gaps in sampling mean they cannot rule out a genetic cline rather that two discrete subspecies. They advocate for additional secure conservation sites based on genetic distinctiveness, but at no point suggest these are two different subspecies (Grosser et al. 2017) .
At an even finer geographical scale, there is 3.7% divergence between mitochondrial haplotypes in rock wren (Xenicus gilviventris) in populations from the north and south of New Zealand's South Island (Weston & Robertson 2015) . This split is supported by nuclear genetic data, but researchers are again cautious, suggesting these might be separate evolutionarily significant units, but never using the term sub-species and advising more data are required (Weston & Robertson 2015) . The taxonomy of extinct lineages is arguably less important for current conservation management, but illustrates the point that there is no standardised approach to species delineation with genetic data. It is important to consider why two suggested species/subspecies might show relatively low genetic divergence in tandem with phenotypic differences, especially if only one or a few markers are available.
Integrative taxonomy
While taxonomy should strive to provide clear answers when delimiting taxa, it is not an exact science in which species represent pure and fixed entities (Mace 2004) . Rather, species names should be considered as hypotheses (Hey et al. 2003; Mace 2004 ) about which predictions are made (Valdecasas et al. 2008 ). In fact, this difficulty in delineating species has contributed to a certain level of anarchy in the discipline (Garnett 2017) , because species tend to be delimited arbitrarily according to one of at least 30 definitions of species (Zachos 2016) . Consequently, this lack of clarity can hamper conservation efforts because the concept of species as fixed entities is often at the core of conservation programs (Garnett 2017) . Moreover, the finding that hybridisation between species/subspecies is a more common phenomemon than previously thought (Arnold 2015; vonHoldt et al. 2017 ) and the lack of protection status of these hybrids in most conservation legislation (e.g. US Endangered Species Act; Haig & Allendorf 2006) further complicates the determination of the taxonomic and conservation status of wild populations.
The most theoretically sound way to delimit new taxa is an 'integrative taxonomy', where multiple perspectives (e.g. phylogeography, comparative morphology, population genetics, ecology, development, behaviour, etc.) are considered (De Queiroz 2007; Pante et al. 2015) . Combining these various approaches will in turn bridge the divide between molecular-based and phenotype-based taxonomy (Dayrat 2005; Padial et al. 2010; Riedel et al. 2013) . A good example of the application of this approach is the recent reclassification of the wide-ranging Indo-Pacific red-bellied pitta (Erythropitta erythrogaster) (Irestedt et al. 2013) . Using a combination of genetics, morphometrics, plumage differences and song variation, researchers proposed that this single 'polytypic' (i.e. with several variant forms) species is actually 17 species. Importantly, even with all the different types of evidence supporting their hypothesis, the authors of this study remain cautious, stating that reproductive isolation is speculative, and implying that even more data are required to fully understand this species complex. The authors also add that molecular species delimitation methods may provide a starting point for integrative taxonomic studies, but reiterate that genetics alone may be insufficient to accurately identify all species. This clear emphasis on integration of many different kinds of data is a helpful template for other studies. The same reasoning and caution should be applied to species management; all available evidence should be considered when developing conservation guidelines rather than whatever data conveniently fits the current management practices.
Conclusion
Taxonomy is unquestionably an important tool for conservation practitioners and is often at the core of management plans (Mace 2004) . However, caution is required as species names may often be considered as strong evidence that taxa are pure units and new classifications may often not be questioned, especially if they are in line with current management plans. Conservation decisions should not blindly follow taxonomic recommendations as the main task for taxonomists is not to conserve biodiversity per se but to categorise it. Moreover, we wonder about the impact of such a revised classification on management decisions. For instance, if a species is more finely split than another, more money may be invested in the conservation of the former than the latter (Garnett 2017) . This may thus divert resources from an endangered species to presumed 'distinct lineages' within what is, overall, a less endangered species.
We are also concerned that, often, important taxonomic changes that may have great impact on conservation decisions are proposed based on only one type of evidence, even when another type of evidence contradicts it (e.g. New Zealand falcon, Trewick & Olley 2016) . Therefore, it is crucial to consider how strong the evidence is for a particular taxonomic hypothesis (i.e. assess whether several lines of evidence in conflict or consistent) as taxonomic recommendations may arbitrarily favour one line of evidence (morphological, behavioral or molecular) over others. While the scientific community is responsible for caveating their findings to avoid undesirable outcomes for conservation programs, conservation practitioners should also consider taxonomy with some caution and instead reflect on how their management strategy will impact the maintenance of species, populations and biodiversity as a whole.
Favouring phenotypic differences over molecular data may lead to reduced credibility of genetics as a sound conservation tool as a whole (Allendorf et al. 2010; Frankham 2010) . Genetics is still not well-integrated in conservation practice globally (Cook & Sgrò 2016; Pierson et al. 2016) . The increasing use of genomics (whereby data are gathered from across the entire genome rather than just very small sections of it) has the potential to widen this research implementation gap (Shafer et al. 2015) . Genetics as a management tool is generally positively perceived by conservation practitioners in New Zealand ). However, because many researchers still rely on single-gene data, owing to the prohibitive cost of whole-genome sequencing in New Zealand, great caution should be exercised when interpreting genetic data to avoid an ambivalence towards genetic tools for conservation. Moreover, researchers casting aside technically sound molecular data during taxonomic investigations (e.g. Trewick & Olley 2016) could further contribute to this ambivalence. While we acknowledge the challenges in obtaining both molecular and phenotypic data, we recommend that, in order to avoid this ambivalence towards genetics and to avoid erroneous species classifications in general, equal weight should be given to all lines of taxonomic evidence.
We acknowledge that when phenotypic and genetic data are both available, but do not agree, drawing conclusions can be challenging. In such cases, it is crucial for researchers to advise caution, and caveat their findings to ensure their data are not unintentionally misinterpreted by conservation practitioners. Divergence between phenotypic and genetic data is intriguing and should lead to further investigation rather than firm recommendations. Strongly advocating for the pattern supported by one kind of data or the other could lead to improper conservation management decisions, potentially harming the survival probabilities of threatened taxa. Our opinions and assertions expressed in this piece are by no means novel. However, the publication of at least three papers in the past year that exemplify the issues inherent in ignoring inconvenient lines of evidence for species classification, illustrates that the message of integrative taxonomy bears repeating.
